The mechanism underlying the association of parental hypertension with cardiovascular events in offspring remains unclear. In this study, the effects of parental hypertension on longitudinal trends of blood pressure and metabolic parameters were examined by mixed-effects model analysis. From 1977 to 2006, 5198 subjects participated in the Tanno-Sobetsu Study, and we selected 2607 subjects (1095 men and 1512 women) for whom data on parental history of hypertension were available. In both men and women with and without parental hypertension, systolic blood pressure and fasting blood glucose levels consistently increased from the third to eighth decades of life, whereas diastolic blood pressure and serum triglyceride levels followed biphasic (inverted U shape) time courses during that period. However, the relationships between the parameters and age were significantly shifted upward (by ≈5.3 mm Hg in systolic blood pressure, 2.8 mm Hg in diastolic blood pressure, 0.30 mmol/L in blood glucose, and 0.09 mmol/L in triglyceride) in the group with parental hypertension compared with those in the group without parental hypertension. Both paternal and maternal histories of hypertension were determinants of systolic blood pressure and diastolic blood pressure, and there was no significant interaction between the sides of parental history. There were no significant effects of parental hypertension on age-dependent or body mass index-dependent changes in serum low-density lipoprotein cholesterol or high-density lipoprotein cholesterol level. The present results indicate that parental hypertension has an age-independent impact on elevation of blood pressure, plasma glucose, and triglyceride levels, which may underlie the reported increase in cardiovascular events by family history of hypertension. (Hypertension. 2012;60:1124-1130. 
P revious studies have shown that cardiovascular disease clusters within families, 1,2 and a family history of atherosclerotic disease is an established risk factor for cardiovascular events. There have been several studies on the impact of a family history of hypertension on cardiovascular events in offspring, and associations of parental hypertension with blood pressure (BP) elevation and insulin resistance in offspring have been indicated by cross-sectional studies. [3] [4] [5] [6] However, because BP level and some metabolic parameters (eg, plasma glucose and insulin level) are age dependent, the results of crosssectional analyses may have been biased depending on the age distribution of the study subjects. In addition, the effect of parental hypertension on the time course of BP during aging cannot be assessed by cross-sectional analysis. Although there have been a few longitudinal studies in which children or adolescents (ie, university students) were recruited, 7-11 the number of subjects in those studies was relatively small or the subjects were restricted to white men. More importantly, the relationship between effects of parental history of hypertension on longitudinal changes in metabolic risk factors and effects on longitudinal BP changes has not been clarified.
In the present study, we examined the effects of parental hypertension on time courses of both BP and metabolic risk factors during the third to eighth decades of life. We retrieved data from the Tanno-Sobetsu Study and used a mixed-effects model for analyses of longitudinal changes in parameters. The results of the present study indicated that parental hypertension has additive effects not only on age-dependent elevation of BP but also on fasting blood glucose (fasting blood sugar [FBS] ) and triglyceride (TG) levels in both men and women. These effects of parental hypertension on the risk factors may contribute to the increase in atherosclerotic cardiovascular events in subjects with a family history of hypertension.
Study Subjects
We retrieved data obtained in the Tanno-Sobetsu Study, 12 a study with a population-based prospective cohort design that recruited residents in 2 rural towns, Tanno and Sobetsu, in Japan. Citizens at the age of ≥20 years in the towns were eligible for this cohort study. Eligible subjects who agreed to join the study received medical examinations biennially from 1977 to 1993 and annually from 1994 to 2006. At each annual or biannual examination, participants were asked to complete a questionnaire, in which parental hypertension was included as an item. Parental hypertension was defined as hypertension in parents who were examined by a local physician or nurse, and diagnostic criteria of hypertension defined by the Japanese Society of Hypertension have been used by healthcare professionals in the Tanno-Sobetsu areas as in other parts of Japan. Of 5198 subjects in the cohort who underwent medical examinations at least once between 1977 and 2006, we selected subjects born during the period from 1921 to 1960 (n=3678), and data on parental history of hypertension were available in 2607 subjects (1095 men and 1512 women). These subjects were divided into a parental hypertension-positive group (PH + group) and a parental hypertensionnegative group (PH − group) according to the presence or absence of a history of hypertension in one or both parents, and the grouping by parental history of hypertension was done for each subject at the initial examination. Items for paternal hypertension and maternal hypertension were separately included in questionnaires used in 1977 and 1978, and data on the items were available in 1750 subjects (780 men and 970 women). The effects of paternal and maternal histories of hypertension were separately analyzed by use of data from this subgroup.
Measurements
Medical examinations were performed early in the morning after an overnight fast. Participants in the medical examination were asked about their medical history, medications, smoking status, habitual drinking, and whether their parents had hypertension.
Statistical Analysis
In the present study, we used a mixed-effects model, an appropriate statistical method for repeated measurements with a lack of uniformity in measurement intervals. This analysis accounts for correlations among measurements within an individual and variations across subjects. 13, 14 
Results

Study Subject Characteristics
Sample sizes by age were similar in sex-parental hypertension categories as shown in Figure S1 in the online-only Data Supplement. Because the number of study participants <30 years of age was very small, the data set was truncated at the age of 30 years in the present study. A total of 20 126 data points during follow-up from 1977 to 2006 were used for the following analyses. The characteristics of the subjects at their initial medical examination are presented in Table 1 : 42.0% of the subjects were men, 35.5% were born in 1941-1960, and 35.2% had a parental history of hypertension. There was no significant difference between the 2607 study subjects (ie, with known parental history) and the excluded subjects with unknown parental history (n=1071) in demographic parameters except for age, percentage of men, systolic BP (SBP), and TG being slightly higher in the excluded group (Table S1 in the online-only Data Supplement).
Effects of Parental Hypertension on Longitudinal Trend of BP
The mixed-effects regression modeling indicated that age, body mass index, and parental hypertension were significant predictors of longitudinal changes in SBP and diastolic BP (DBP) in both men and women. ( Table 2 for main results and Tables S2 through S7 for full results). There was no significant interaction of parental history with body mass index or birth-year category in modeling for SBP and DBP. Longitudinal changes in SBP and DBP are shown in Figure 1 . The relationship between SBP and age in the PH + group was shifted upward to the relationship in the PH − group by ≈5 mm Hg in both men and women ( Figure 1A ). Parental hypertension was significant as a main term for predicting SBP in both men and women ( Table 2 ). The interaction between parental hypertension and age was not significant, indicating that parental hypertension does not have an impact on age-dependent elevation of SBP. A similar impact of parental hypertension was observed on the longitudinal trend of DBP. DBP increased from the 30s, peaked in the 60s, and then decreased ( Figure 1B ). Parental hypertension was significant as a main term for DBP in both men and women, and interaction between DBP and age was insignificant. As shown in Figure 1B , there was an upward shift in the DBP-age relationship by ≈3 mm Hg in the PH + group compared with that in the PH + group in both sexes.
Effects of Parental Hypertension on Longitudinal Trend of Metabolic Profiles
The impact of parental hypertension on longitudinal changes in metabolic parameters differed depending on the parameter. As shown in Figure 2A , FBS increased with advancing age in both men and women, and the FBS-age relationship was shifted upward by ≈0.4 mmol/L in the PH + group compared with that in the PH − group in both sexes. TG increased from the 30s, peaked in the 50s in men and 60s in women, and then decreased. The longitudinal changes in TG were similar in the groups with and without parental hypertension, but TG level was consistently higher by ≈0.09 mmol/L in the PH + group than in the PH − group in both men and women ( Figure 2B ). In contrast to FBS and TG, parental hypertension was not included in optimal models for low-density lipoprotein cholesterol and for high-density lipoprotein cholesterol, both of which have age and body mass index terms, in either men or women (Tables S6 and S7 ).
Subgroup Analyses of Subjects on No Medication
Of the total 20 126 data points used for the present analysis, 38.7%, 6.6%, and 4.8% were data points under medication for hypertension, diabetes mellitus, and dyslipidemia, respectively. To exclude the effects of the medication, we conducted modeling for BP, FBS, and TG by use of only data at time points without relevant medical therapy. The effect of parental hypertension on the response variables in both men and women was slightly weakened by the exclusion of data on medication (Table S8 ), but the results were similar to those obtained by using the full data set.
Subgroup Analyses on the Effects of Paternal Versus Maternal Hypertension
Possibly different effects of paternal hypertension and maternal hypertension on BP and metabolic profiles were examined in subjects who were asked about parental and maternal histories of hypertension at the baseline examination (n=1750). In both men and women, paternal hypertension and maternal hypertension were significant predictors of longitudinal changes in SBP and DBP, and there was no significant interaction between the two (Tables S9 and S10 ). As shown in Figures 3 and 4 , there were parallel shifts in time courses of SBP and DBP either by paternal hypertension or by maternal hypertension, and the presence of hypertension in both parents afforded additive effects on BP levels. Significant effects of paternal hypertension and maternal hypertension on FBS were also found. However, there was a significant interaction between the two in women (Table S11) , and the presence of both paternal hypertension and maternal hypertension was not additive in terms of their effects on FBS ( Figure S2 ).
As for longitudinal changes in TG, paternal hypertension, but not maternal hypertension, was a significant determinant in both men and women (Table S12 ). History of paternal hypertension was associated with a parallel and upward shift of the age-TG relationship as shown in Figure S3 .
Discussion
Several lines of evidence indicate that both genetic and environmental factors are involved in the association of parental hypertension with elevation of BP in offspring. Determination of BP in related and unrelated individuals in a community (Techmesh, Michigan) and calculation of heritability have suggested that genetic components and shared household environment contribute to familial aggregation of BP elevation. 15 SBP and DBP were correlated between spouse pairs (r=0.102 for SBP and 0.114 for DBP, both P<0.05, respectively). 16 BP correlation between parents and biological offspring (r=0.32 for SBP and r=0.37 for DBP) was significantly closer than that between parents and adopted offspring (r=0.09 for SBP and r=0.10 for DBP). 17 Furthermore, linkage studies have revealed chromosomal regions that potentially contribute to elevation of BP. 18 The present study does not provide a strong insight into the mechanism by which parental hypertension increases BP in an age-independent manner. However, the parallel shift of the age-BP relationship by parental hypertension (Figures 1  and 2) suggests that a set point of BP is elevated by parental hypertension-associated genetic factors and environmental factors before the third decade of life.
Effects of parental hypertension on longitudinal changes in BP have been examined in 4 earlier studies. [7] [8] [9] [10] [11] However, there are notable differences regarding statistical methods adopted and characteristics of subjects in the earlier studies and the present study. In a study by Lie et al 9 in which thirdgrade school children were recruited, the effect of parental history of hypertension was not consistent over the ages they examined. In a study by Burke et al, 7 an effect of parental history of hypertension on BP was not detected at the age of 9 years, and a parallel shift of the BP-age relationship by parental history of hypertension was not detected in the age range that they examined (9-18 years old). van den Elzen et al 10 examined the relationship between natural history of BP in children aged 5 to 19 years and level of BP in their parents. They found that SBP was consistently higher by 2.7 mm Hg from the age of 5 years to the age of 40 years in subjects with parents in the highest tertile of SBP, whereas such a parallel shift of BP was not observed for DBP. Wang et al 11 recruited university students, but they used only data from white men in their analysis. Similar to our results, the BP-age relationship within the age range of 20 to 80 years was shifted upward by ≈2 mm Hg in subjects with a parental history of hypertension compared with that in subjects without a parental history.
Our study has examined for the first time the effects of parental hypertension on the longitudinal BP changes in both men and women and showed that parental history of hypertension is associated with age-independent elevation of BP in Asian men and women (Figure 1 ). Furthermore, the effects of paternal hypertension and maternal hypertension appear to be additive on the longitudinal change in BP in a subgroup analysis (Figures 3 and 4) . Taken together, the results in the present and earlier studies indicate that parental history of hypertension induces elevation of BP from as early as the second to third decades of life until the eighth decade of life, although it remains unclear at which age such an effect of parental history on BP emerges.
The present study showed that parental history of hypertension had impact on longitudinal changes in FBS and TG Similar results were obtained when the analysis was conducted by use of data under no medication for dyslipidemia or hyperglycemia (Table S8 ). The pattern of these changes in metabolic profiles together with modest elevation of BP in subjects with parental hypertension is similar to that in subjects with metabolic syndrome. [19] [20] [21] In fact, earlier studies have shown that family history of hypertension is associated with reduction in insulin sensitivity, 22 increased sympathetic activity, 23 and elevation of C-reactive protein level. 24 Furthermore, we observed previously that plasma level of adiponectin, a biomarker correlating with insulin sensitivity, was lower in young men with a parental history of hypertension. 25 These findings support the notion that reduction in insulin sensitivity underlies the effects of parental history of hypertension on metabolic profiles. We found that parental hypertension induced an upward shift of FBS and TG levels from the third decade to the eighth decade of life. In other words, the effects of parental hypertension on the 3 risk factors do not decay during adult life. Furthermore, increases in BP, FBS, and TG levels by parental hypertension are not trivial. Increase in SBP by 5.3 mm Hg in men with parental hypertension (Figure 1 ) corresponds with a significant increase in fatal stroke and coronary artery disease. 26 Elevations in FBS and TG levels associated with positive parental history of hypertension were relatively small (eg, ≈0.30 and ≈0.09 mmol/L, respectively, in men), but they also potentially contribute to an increase in cardiovascular events. 27,28 Nevertheless, the present results suggest that parental hypertension should There are limitations in the present study. First, presence of parental hypertension relied on self-reports by subjects and was not confirmed by medical documents of their parents. However, awareness of hypertension and its health problems is high in both Tanno and Sobetsu, and accuracy of the information regarding parental hypertension is unlikely to be lower than that in earlier studies 3, 7, 11 that also used selfreported information. Second, group division into PH + and PH − groups was performed in each study subject at the time of recruitment to the present study, and thus influence of the age of parents on the incidence of parental hypertension was not taken into account in this study. In addition, definition of hypertension by the Japanese Society of Hypertension was revised during the study period (ie, in 2000) from SBP>160 mm Hg and DBP>95 mm Hg to SBP>140 mm Hg and DBP>90 mm Hg. However, 93.7% of the men and 93.9% of the women were recruited during the period from 1977 to 1999 in the present study, and birth-year category (born in 1941-1960) did not significantly interact with parental hypertension in modeling SBP, DBP, FBS, or TG (Tables S2  through S5 ). Thus, the effect of the inconsistency in criteria of parental hypertension, if any, is unlikely to have misled the conclusion. Finally, we cannot totally rule out the possibility that exclusion of subjects with unknown parental history of hypertension from the analysis resulted in some bias. As shown in Table S1 , age, percentage of men, SBP, and TG were slightly higher in the excluded group than in the group used for analysis of the effects of parental hypertension. However, selection bias, if any, would have induced underestimation rather than overestimation of the impact of parental hypertension on SBP.
Perspectives
The present study showed that parental hypertension is associated with significant elevation of background levels of BP, FBS, and TG without effects on the age-dependent changes of these parameters during the third to eighth decades of life. The early onset and no decay appear to be important features of the effects of parental hypertension in both men and women in terms of pathogenesis research and designing therapy. Although insulin resistance is one of the plausible mechanisms, it remains unclear which genetic and environmental factors are responsible for the effects of parental hypertension. It is also unclear whether any therapy can specifically eliminate the effects of parental hypertension on BP, FBS, or TG. These issues may warrant further investigations.
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